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Non-spherical particle T

» Difficult to define the geometrical factors
sphericity, flatness, elongation and circularity,
etc.

 Data for the interaction force between non-
spherical particles and the fluids are limited.

* Correlation may be highly-nonlinear.

Objectives
» Developing a neural network-based force
model for a diversity of non-spherical particles.

*  Fromlow O(1) to moderate O(100) Reynolds
number.

* From low to high volume fraction.

Shiwei Zhao et al., Int I Numer Anal Methods Geomech., 43 (2019)
Vinay V. Mahajan et al., Chemical Engineering Science, 192 (2018) 4
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Spherical Harmonic (SH)
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Particle-Resolved Direct Numerical Simulation (PRDNS)
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Neural Networks

Variational Auto -Encoder (VAE)
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Interaction Force Model for Single Particles
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PR-DNS Results / MLP
« Re =0.1~100, 10400 single particles Cf =

» Two fully connected hidden layers with 32 and 8 nodes
with ELUs, and an output layer with linear function
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Project Update

MLP results

e« MSEs of evaluation data are:
o C,:7.97
o C,:0.00546
o C,:0.0647

« MAPEof C; is 3.3%
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Flow field prediction f Re =357 Re = 4.4 \
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PIEP with MLP and TCNN

Uy, i(x, Re;) CFD results . Undisturbed flow | I8

i x,Re- I 02
pi(x, Re;) from TCNN

Irregular shaped

@ Re=0.5 b Re=4.2

particles
Superposing with PIEP and
obtaining CD,i (Rei)
Cp(Re;)) —
i : . "6 0, p - -
0 O CY'dr) o 5 05 100 different particles—
q (o] with 0.5%
(1<AR<2,0<d<0.5)
PIEP: Pairwise Interaction Extended Pojpdrticle model

13
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Project Update

PIEP for dense systems

 Solid fraction factor needs to be determined.

» The factor need to consider particle irregularity and inhomogeneity.
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» This study provides the interaction force model for the irregular shaped

particle which is practical in industry.

« The NN based model can predict the neighboring effect of multi-

particle systems.

« The solid fraction effect will be investigated further to make the model

predict a wider range of flow conditions

15



THE OHIO STATE UNIVERSITY Acknowled geme Nt

Acknowledgment "This material is based upon work supported by the Department of Energy
AwardNumber5 9 10032905"

Disclaimer"Thisreport waspreparedasan accountof work sponsoredby an agencyof the United
StatesGovernment Neither the United States Governmentnor any agencythereof, nor any of
their employees, makes any warranty, expressor implied, or assumesany legal liability or
responsibility for the accuracy, completeness,or usefulnessof any information, apparatus,
product, or processdisclosed,or representsthat its use would not infringe privately owned
rights. Referenceherein to any specificcommercialproduct, process,or serviceby trade name,
trademark, manufacturer,or otherwise does not necessarilyconstitute or imply its endorsement,
recommendation,or favoring by the United StatesGovernmentor any agencythereof Theviews
and opinionsof authors expressecherein do not necessarilystate or reflect those of the United
StatesGovernmentor anyagencythereof"

16



